by the human fetus/neonate with amniotic fluid and human milk, and is also produced constitutively by intestinal epithelial cells (IEC). We have shown that recombinant human IL-8/CXCL8 (rhIL-8/CXCL8) protects cultured IEC against tumor necrosis factor (TNF)-␣ and cycloheximide-induced cytotoxicity. In view of its constitutive production, we hypothesized that IL-8/CXCL8 might play an autocrine role in fetal enterocyte maintenance. In this study, we measured IL-8/CXCL8 mRNA concentrations in fetal intestine (11-22 wk gestation), sought the presence of the protein by immunohistochemistry in fetal stomach and intestine (9 -24 wk), measured IL-8/CXCL8 in neonatal gastric secretions, and studied constitutive and stimulated IL-8/CXCL8 expression in cultured IEC. We found that IL-8/CXCL8 is consistently transcribed and expressed in fetal intestinal tissue, in a developmentally regulated inverse relationship with gestational maturation. The cognate receptors for IL-8/CXCL8 are also expressed abundantly in the fetal intestine, and, therefore, we sought to determine whether the expressed IL-8/CXCL8 would complete an autocrine loop. Neutralization of IL-8/CXCL8 resulted in increased cell death in cultured IEC in the presence of TNF-␣.
The human fetus and the neonate ingest biologically significant concentrations of IL-8/CXCL8 in amniotic fluid and human milk (1) (2) (3) (4) (5) . We have shown recently that IL-8/CXCL8 remains intact through in vitro simulations of neonatal gastric digestion, and that it has a wide range of effects on cultured IEC (5, 6) . Several investigators have also demonstrated both constitutive and regulated IL-8/CXCL8 expression in cultured IEC and intestinal organ culture, with evidence that such secretion is dynamically influenced by other cytokines and peptide growth factors (7) (8) (9) (10) (11) .
In this study, we studied IL-8/CXCL8 expression in the fetal/neonatal intestine by several modalities, and attempted to identify relationships, if any, with gestational age and IEC differentiation. We have previously shown that both the cognate receptors for IL-8/CXCL8, CXCR1 and CXCR2, are expressed in the fetal intestine as well as on several IEC lines. It is interesting that whereas TNF-␣ is a potent inducer of IL-8/CXCL8 secretion in IEC (7) (8) (9) (10) (11) , its toxicity (in combination with cycloheximide) in these cells can be limited in vitro by rhIL-8/CXCL8 (5) . We hypothesized that endogenously produced IL-8/CXCL8 plays an autocrine role in the intestinal mucosa with similar cytoprotective effects, and tested it in neutralization experiments.
MATERIALS AND METHODS

IL-8/CXCL8 Expression
IL-8/CXCL8 mRNA concentrations in fetal intestinal tissue. IL-8/CXCL8 mRNA expression was measured in archived frozen fetal intestinal tissue samples (11-12 wk: n ϭ 2; 13-17 wk: n ϭ 4; 18 -22 wk: n ϭ 3). Use of these tissues was approved by the local institutional review board. Total RNA was isolated and purified by using the QIAGEN mRNEasy fibrous tissue kit (QIAGEN, Valencia, CA, U.S.A.). IL-8/ CXCL8 mRNA was measured in 2 g of total RNA from each tissue sample by a sandwich ELISA technique (Quantikine colorimetric mRNA quantitation kit, R & D Systems, Minneapolis, MN, U.S.A.). This assay is based on hybridization of specific mRNA with gene-specific biotin-labeled capture oligonucleotide probes, followed by application of digoxigeninlabeled detection probes in a microplate. The hybridization solution is then transferred to a streptavidin-coated microplate, wherein it is read with an alkaline phosphatase-based colorproducing reaction. The plates are read spectrophotometrically at 450/690 nm.
IL-8/CXCL8 expression in fetal gastrointestinal tissue. IL-8/CXCL8 expression was studied by immunohistochemistry in archived paraffin-embedded human fetal gastric and small intestinal tissue samples. We studied fetal duodenum at 9 wk gestation (n ϭ 2), 11-12 wk gestation (n ϭ 2), 13-17 wk (n ϭ 4), 22-24 wk (n ϭ 3); fetal stomach at 11-12 wk (n ϭ 2) and 22-24 wk (n ϭ 2); and adult duodenal biopsy samples. Affinity-purified monoclonal IgG 1 anti-human IL-8/CXCL8 antibody (1:80; clone 6217, R & D Systems) was used for immunostaining in the NexES automated slide-staining system (Ventana Medical Systems, Tucson, AZ, U.S.A.), with diaminobenzidine as chromogen. Negative controls were performed by using mouse IgG 2a isotype antibody, and leukocytes on human peripheral blood smears were used as positive controls. The experiment was also repeated in a few sections using a polyclonal goat anti-human IL-8/CXCL8 antibody (which has affinity for a different epitope on the IL-8/CXCL8 molecule) and its blocking peptide (Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.) to further confirm the specificity of immunoreactivity noted in these sections.
IL-8/CXCL8 concentrations in neonatal gastric luminal contents. Gastric contents were collected from five preterm (31-34 completed weeks) and five term (37-41 wk) infants after approval by the local institutional review board. These infants were admitted in the neonatal intensive care unit, were beyond 24 h of age, had an indwelling oro-/nasogastric catheter, were not receiving any oral feedings, and did not have any known pulmonary/gastrointestinal inflammatory condition. The gastric secretions were stored frozen at Ϫ80°C, and cleared of particulate material by centrifugation at 14,000 ϫ g for 10 min before analysis. IL-8/CXCL8 was measured with a commercially available ELISA kit (R & D Systems). The assay requires 50 L of sample and detects 10 -3000 pg/mL of IL-8/CXCL8. Standard curves were also prepared using spiked gastric aspirate samples, besides the standards provided by the manufacturer. Test samples were run in duplicate, and the plates were read spectrophotometrically at 450/540 nm.
IL-8/CXCL8 expression in intestinal epithelial cell lines. IL-8/CXCL8 expression in the intestine was further studied in vitro utilizing cultured IEC. We used two fetal intestinal cell lines (H4 cells, a gift from Prof. W. Allen Walker, Harvard University, Boston, MA, and the FHs-74-Int cells, purchased from American Type Culture Collection, Manassas, VA, U.S.A.) and compared these with Caco-2 cells (American Type Culture Collection), which are an established model for human adult small intestinal epithelium (12) . The H4 cell line has been developed from fetal small intestinal epithelial cells at 20 -22 wk gestation (13) , whereas the FHs-74-Int is derived from a 12-16 wk human fetus. The conditions for propagation of the three cell lines were as reported elsewhere (5) . We used cell passage numbers 60 -80 for Caco-2 cells, 30 -35 for H4 cells, and 13-15 for the FHs-74-Int cells.
Culture supernatants were harvested from three plates of each cell line at 80 -100% confluence, and IL-8/CXCL8 was measured (for each supernatant sample) in duplicate by ELISA (R & D Systems). These results were standardized for protein concentration in the cell pellets obtained after centrifugation (BCA protein assay, Pierce Biotechnologies, Rockford, IL, U.S.A.).
Cells were then plated in a 96-well plate at a density of 1 ϫ 10 4 /well and studied as controls, after stimulation for 24 h with TNF-␣ (50, 150, 250 ng/mL) (R & D Systems) and with Escherichia coli O55:B5 lipopolysaccharide (50 g/mL; Fluka Industriestrasse, Buchs SG, Switzerland). All experiments were run in triplicate. These samples were centrifuged at 2500 ϫ g to remove cellular debris before assay. IL-8/CXCL8 was measured in duplicate for each supernatant sample by ELISA (R & D Systems). All IL-8/CXCL8 concentrations from these experiments are expressed as picograms per milliliter of culture supernatant from 10,000 cells.
IL-8/CXCL8 secretion was also measured in polarized Caco-2 cells in basal conditions and after stimulation with TNF-␣ (50 ng/mL). Caco-2 cells were grown to confluence using a commercially available multi-transwell insert and media system (BioCoat HTS Caco-2 assay system, BD Biosciences, San Jose, CA, U.S.A.). Media were harvested from apical and basolateral compartments after 24 h, and IL-8/ CXCL8 concentrations measured by ELISA (R & D Systems).
Subcellular Expression of Cognate Receptors for IL-8/CXCL8 in IEC
We have previously reported the presence of the two receptors for IL-8/CXCL8, i.e. CXCR1 and CXCR2, on IEC in fetal intestinal sections and in cultured cells (5) . The subcellular expression patterns of the two individual IL-8 receptor proteins, however, have not been described. We performed immunohistochemistry on fetal intestinal tissue samples (n ϭ 3, 22-24 wk gestation using monoclonal anti-human CXCR1 (IL-8 RA) (Sigma Chemical Co., St. Louis, MO, U.S.A.) and CXCR2 (IL-8 RB) (R & D Systems) in an enzyme-labeled biotin-streptavidin-DAB technique (vide supra).
CXCL8 antibody was chosen arbitrarily from the IL-8/CXCL8 bioactivity neutralization curves provided by the manufacturer, so as to have an excess of antibody in the culture media. The experiment was set up in duplicate (with three runs) with cells treated with 0, 50, 100, 150, 200, and 250 ng/mL of TNF-␣. Controls were also set up with TNF-␣ in the absence of anti-IL-8/CXCL8 antibody, and medium alone. Cell viability was evaluated after 72 h with a commercially available XTT assay kit (Sigma Chemical Co.). The cells were incubated with the XTT reagent for 4 h, and the wells were then read spectrophotometrically at 450 nm.
Cell death detection: nuclear matrix protein (NMP) 41/7 ELISA. Cells were plated into 24-well plates at a density of 5 ϫ 10 4 cells/well, and allowed to attach for 24 h. The experiment was set up in five subgroups, each in triplicate (with three runs): (1) controls (medium alone), (2) treated with 50 ng/mL TNF-␣, (3) with 25 g/mL (excess, vide supra) monoclonal IL-8/CXCL8 antibody, (4) with both TNF-␣ and IL-8/CXCL8 antibody, and (5) with both TNF-␣ and IL-8/CXCL8 antibody, but rescued 2 h later with 10 nM rhIL-8/CXCL8. The medium was changed after 3 d, and the experiment was terminated on day seven. NMP 41/7 concentrations were measured in culture supernatants by ELISA (Calbiochem, San Diego, CA).
Cell death detection: Cytokeratin (CK) 18 cleavage ELISA. Caco-2 and FHs-74-Int cells were plated in 24-well plates in the five subgroups as above for 3 d, and cell death was detected by measurement of CK18 cleavage in supernatants (M30 Apoptosense ELISA, Peviva AB, Bromma, Sweden). CK18 is one of the intermediate filaments cleaved by caspases, which leads to the exposure of a neo-epitope recognized by the M30 antibody used in this assay (14, 15) . The assay results were standardized against cell pellet protein concentrations (Pierce Biotechnologies).
Cell death detection: DNA fragment labeling. Caco-2 cells were grown to confluence in chamber slides, and the experiment was run in the aforementioned five subgroups for 3 d. Each subgroup was run in triplicate. The slides were treated sequentially with proteinase K followed by a mixture of fluorescein-labeled deoxyribonucleotides and terminal deoxynucleotidyl transferase enzyme (Fluorescein-FragEL kit, Oncogene Research Products, San Diego, CA, U.S.A.). This assay is based on incorporation of fluorescein-conjugated deoxynucleotides at the free 3'-hydroxyl groups generated at the end of DNA fragments (16) . Slides were treated with 0.1 g/mL DAPI before analysis under a standard fluorescein filter (465-490 nm). Results were expressed as the percentage of apoptotic cells.
Role of IL-8/CXCL8 Receptors in Preventing Cell Death
The relative contribution of CXCR1 and CXCR2 receptors in preventing cell death was assessed in neutralization experiments on Caco-2 and FHs-74-Int cells. The experiment could not be extended to H4 cells due to limited availability of these cells. Cells were plated as above into 24-well plates and studied in two subgroups. The first subgroup was treated with 50 ng/mL TNF-␣ and 25 g/mL (excess, concentration chosen as above) monoclonal anti-human CXCR1 antibody (R & D Systems), whereas cells in the second were treated with 50 ng/mL TNF-␣ and 25 g/mL (vide supra) monoclonal antihuman CXCR2 antibody (R & D Systems). Controls included cells with medium alone, and with only 50 ng/mL TNF-␣. NMP 41/7 concentrations were measured in supernatants by ELISA (vide supra).
The experiment was repeated using the Cytokeratin 18 ELISA (Peviva) as above. Caco-2 and FHs-74-Int cells were plated in 24-well plates, and cell death was detected after 3 d.
Statistical Methods
All results were rounded to last significant figure according to sensitivity of the assay used, and described as mean Ϯ SD. Continuous, independently measured data points were identified as parametric or nonparametric by testing for normality (Kolmogorov-Smirnov/Shapiro-Wilk tests) and equivalence of variance (Levene's test). Comparison of subgroup means was done by ANOVA (with posthoc Dunnett's t test) for parametric, or the Kruskall-Wallis test for nonparametric data. For all statistical procedures, an ␣-error up to 0.05 was accepted.
RESULTS
IL-8/CXCL8 Expression
IL-8/CXCL8 mRNA concentrations in fetal intestinal tissue. IL-8/CXCL8 mRNA was detected in all fetal intestinal tissue samples. Concentrations were 1775 Ϯ 306, 1689 Ϯ 788, and 2380 Ϯ 1413 fg/g total RNA at 11-12 wk, 13-17 wk, and 18 -22 wk gestation, respectively, which were not statistically different from each other (p ϭ 0.52) (Fig. 1) .
IL-8/CXCL8 expression in fetal gastrointestinal tissue. IL-8/CXCL8 immunoreactivity was observed in human fetal gastric and intestinal tissue. Staining was recorded in the crypt areas and the muscularis layer at 9 wk of gestation. At 11-18 wk, strong immunoreactivity was present in the brush border epithelium along the entire crypt-villus axis, and also in lamina propria and the muscularis layers. Staining was relatively restricted to crypt cells at 24 wk, and was very minimal in the adult duodenal biopsy sections. Similarly, strong immunoreactivity was present in the gastric mucosal epithelium at 11 wk, but could only be seen in gastric pits at 24 wk (Fig. 2) . At higher magnification, IL-8/CXCL8 immunoreactivity could be noted in IEC in both apical and basolateral patterns in the crypts, but was relatively localized to the apical areas in villus (Fig. 4) . The immunostaining pattern with the polyclonal goat anti-human IL-8/CXCL8 was markedly similar, and was completely inhibited by its blocking peptide.
IL-8/CXCL8 concentrations in neonatal gastric luminal contents. IL-8/CXCL8 was measurable in gastric contents, and was significantly higher in preterm (2569 Ϯ 581 pg/mL) than term (1022 Ϯ 297 pg/mL) neonates (p ϭ 0.001).
IL-8/CXCL8 expression in intestinal epithelial cell lines. IL-8/CXCL8 was detectable in culture supernatants from all the three cell lines. The concentrations were 159 Ϯ 15, 27 Ϯ 9, and 6 Ϯ 2 pg/mg protein in FHs-74-Int, H4, and Caco-2 cells, respectively (p Ͻ 0.001).
When stimulated with TNF-␣, IL-8/CXCL8 production increased significantly in all three cell lines. The unit of measurement in this assay was pg/mL of supernatant (for 10 
/mL (all p Ͻ 0.001). The stimulated production was higher in FHs-74-Int than H4 cells, which in turn was higher than Caco-2 cell line (all p Ͻ 0.01 compared with control). In the individual cell lines, the expression of IL-8/CXCL8 did not differ between the incremental concentrations of TNF-␣ (p ϭ 0.34 -0.98). These results have been depicted in Figure 3 .
IL-8/CXCL8 concentrations also increased significantly in all three cell lines after stimulation with LPS. In FHs-74-Int cells, the concentrations increased from 32 Ϯ 24 pg/mL in controls to 1015 Ϯ 100 pg/mL with LPS (p ϭ 0.005). In H4 cells, the levels rose from 16 Ϯ 6 to 724 Ϯ 72 pg/mL (p ϭ 0.005), whereas in Caco-2 cells IL-8/CXCL8 concentrations increased from below detectable limit to 52 Ϯ 4 pg/mL (p ϭ 0.002). Stimulated IL-8/CXCL8 expression differed significantly between the three cell lines (p Ͻ 0.05).
IL-8/CXCL8 expression in polarized Caco-2 monolayers was predominantly basolateral. The concentration increased from below detectable limits in basal conditions to 18 Ϯ 7 pg/mL in apical and 32 Ϯ 4 pg/mL in basolateral compartments following stimulation with TNF-␣ (p ϭ 0.04).
Subcellular Expression of Cognate Receptors for IL-8/CXCL8 in IEC
Both CXCR1 and CXCR2 are expressed predominantly along the basolateral aspect of IEC in the crypts/intervillus areas. There is little, if any, expression along the apical surface of these cells. However, the distribution of both receptors gradually becomes more apical in IEC from the mid-villus region toward the villus tip, and the basolateral staining is progressively diminished (Fig. 4) . Cell death (NMP 41/7 ELISA). NMP 41/7 concentrations were similar in supernatants from controls, from cells treated with TNF-␣, and from the cells treated with monoclonal anti-IL-8/CXCL8 antibody. When treated with both TNF-␣ and anti-IL-8/CXCL8 antibody together, NMP 41/7 concentrations increased significantly in all the three cell lines (p ϭ 0.007, 0.036, and 0.035 for Caco-2, H4, and FHs74-Int cells). This effect was successfully reversed by the addition of 10 nM IL-8/CXCL8 2 h after treatment with TNF-␣ ϩ anti-IL-8/ CXCL8 antibody (Fig. 5) .
Effect of
Cell death (CK18 ELISA). In Caco-2 cells, CK18 concentrations did not differ between controls, from cells with TNF-␣, and with anti-IL-8/CXCL8 antibody alone (546 Ϯ 32, 623 Ϯ 25, and (ii) Subcellular expression of CXCR1. Apical (black arrow) and nuclear immunoreactivity can be noted. The basolateral immunoreactivity is minimal (white arrow). (iii) Subcellular expression of CXCR2. Apical (black arrow) immunoreactivity can be noted. The basolateral immunoreactivity is minimal (white arrow). An enzyme-labeled biotin-streptavidin technique was used with diaminobenzidine tetrahydrochloride as the chromogen (brown).
AUTOCRINE FUNCTION OF IL-8
Role of IL-8/CXCL8 Receptors in Preventing Cell Death
In both FHs-74-Int and Caco-2 cells, NMP 41/7 concentrations were similar in controls, cells treated with TNF-␣ alone, with anti-CXCR1antibody, with anti-CXCR2 antibody, and in cells treated with TNF-␣ ϩ anti-CXCR1 antibody. However, the concentrations increased significantly in both cell lines when treated with TNF-␣ ϩ anti-CXCR2 antibody (p ϭ 0.011 for Caco-2, p ϭ 0.001 for FHs-74-Int cells) (Fig. 6) .
The 
DISCUSSION
Our findings show that IL-8/CXCL8 is transcribed and expressed in the fetal intestine, and suggest that this process is developmentally regulated. IL-8/CXCL8 immunoreactivity in the epithelium was most extensive at 11-18 wk gestation along the entire crypt-villus axis, was relatively restricted to the crypt areas at 22-24 wk, and only minimally detectable in the adult duodenal biopsy sections. The expression patterns of the cells lines provide supportive evidence for this developmental regulation, as the FHs-74-Int cells (derived from a 12-to 16-wk fetus) produced more IL-8/CXCL8 than H4 cells (derived from the 20-to 22-wk stage). Further confirmation of this trend in IL-8/CXCL8 expression in the developing gastrointestinal intestinal mucosa was sought by assaying neonatal gastric contents. These aspirates were collected after 24 h to minimize any amniotic fluid persisting from birth, but some degree of a physiologic admixture with bronchial secretions was expected. These observations, therefore, can only be seen as corroboratory evidence, even though other measurements on gastric contents such as cellularity or bacterial content correlate poorly with tracheal aspirates beyond the first day of life (17) . Chemokine expression is also observed in the bronchial epithelial cells (18) , and a similar negative trend of IL-8/CXCL8 concentrations with gestational maturation has been reported in bronchoalveolar lavage samples in the absence of infection (19) . These findings are of interest in view of the common embryonic origin of both gastrointestinal and bronchial epithelia from the gut endoderm, and marked similarities in their individual pathways of epithelial differentiation (20, 21) . Finally, as IL-8/CXCL8 is highly resistant to aspartyl proteinases (6), it is unlikely that the lower gastric fluid IL-8/CXCL8 concentrations in term infants could be explained based solely on increased gastric proteolytic activity.
Our findings are similar to the observations of Nanthakumar et al. (8) , who reported an inverse relationship between IL-8/ CXCL8 expression and intestinal maturation. In their study, IL-8/CXCL8 mRNA/protein expression in H4 IEC and intestinal organ cultures from 18-to 21-wk fetal intestine greatly exceeded those from infants or older children. The development of regulatory pathways involved in IL-8/CXCL8 transcription, however, remains to be studied. IL-8/CXCL8 transcription involves the interaction of constitutively expressed transcription factors of the bZIP family, such as C/EBP and AP-1, and the immune-activated factors of the NF-B/rel family with the promotor site (22) . Recent observations on the tight developmental regulation of AP-1 genes could possibly provide further insights into these patterns (23) .
In our small number of fetal intestinal tissue samples, we did not detect any difference in IL-8/CXCL8 mRNA concentrations at different gestational ages. However, besides a beta statistical error, other possibilities also merit consideration. In tissue sections, strong immunoreactivity is also notable in the muscularis layer, which would form a relatively larger RNA pool. It is, therefore, possible that changes in the brush border epithelial monolayer, due to the smaller cell number, are not reflected in the total intestinal IL-8/CXCL8 mRNA. Similarly, these findings could be explained on the basis of posttranscriptional regulation, a phenomenon well described for CXC chemokines (24) . Presence of measurable IL-8/CXCL8 mRNA concentrations, in conjunction with the observations of epithelial IL-8/CXCL8 immunoreactivity in isolated intestinal organ culture from Nanthakumar et al. (8) , further confirms that immunoreactivity in fetal intestinal mucosa reflects a physiologic presence and is not solely an artifact of passive adsorption from amniotic fluid.
The subcellular expression of IL-8/CXCL8 in IEC changes along the crypt-villus axis. It is interesting that while the expression is both basolateral and apical in crypt cells, it becomes predominantly apical as cells differentiate and migrate toward the villus tip (25) . Basolateral expression of proteins has been clearly equated with secretion in IEC, whereas apical expression can be associated with both passive uptake/adsorption as well as secretion (26, 27) . Our observation of a dual staining pattern in the crypt cells is consistent with the hypothesis that IL-8/CXCL8 is actively secreted in this region. Direct measurements from polarized Caco-2 monolayers also show a similar dual secretory pattern with basolateral predominance. The expression of IL-8/CXCL8 receptors provides further indirect evidence for this phenomenon, as both CXCR1 and CXCR2 are also expressed predominantly on the basolateral aspect of these cells, which is the same as the site of secretion of their ligand. These findings are consistent with an autocrine role of IL-8/CXCL8 in these cells.
In mid-villus and villus tip cells, the basolateral immunoreactivity is progressively lost, which is consistent with in vitro evidence that differentiation leads to diminution in IL-8/ CXCL8 production in IEC (28, 29) . It is likely that apical staining in this region is secondary to uptake/adsorption from the luminal contents of the intestine (Fig. 4B(i) ). Notably, as these cells migrate toward the villus tip, the receptor expression also becomes progressively more apical, with simultaneous loss of basolateral staining. This reversal of receptor expression would allow the uptake of IL-8/CXCL8 from the intestinal contents in the villus tip region.
In vitro, rhIL-8/CXCL8 has a wide range of effects on cultured IEC (5, 30, 31) . With evidence of autogenous secretion of IL-8/CXCL8, and the presence of its cognate receptors, we sought to confirm whether IL-8/CXCL8 completes an autocrine loop, as is known for some other cytokines such as the members of the epidermal growth factor cytokine subfamily (32) . In a previous publication, we reported that rhIL-8/ CXCL8 protects IEC against chemical injury with TNF-␣ ϩ cycloheximide (5). Hence, it was relevant to note the marked induction of autogenous IL-8/CXCL8 production in both the fetal IEC lines after TNF-␣ treatment. TNF-␣ recruits several apoptotic signal transduction pathways (33, 34) , but is unable to induce apoptosis in IEC by itself (35) . This lack of effect might be due to simultaneous transmission of anti-apoptotic signals through the NF-B and the phosphatidylinositol-3-kinase/Akt pathways (36) . As NF-B is the primary transcriptional activator of inducible IL-8/CXCL8 production in IEC (22, 37) , we speculate that the anti-apoptotic effect of NF-B pathway against TNF-␣ is mediated through IL-8/CXCL8 expression.
Confirmation of this effect was noted by IL-8/CXCL8 neutralization in assays for measuring cellular viability and death in vitro. The smaller effect size in cell viability is likely due to replacement of dying cells by ongoing proliferation, which would also explain the absence of any effect in Caco-2 cells, a malignant cell line with higher turnover rates. The results of NMP 41/7, CK18, and DNA fragment labeling assays provide confirmation of the anti-apoptotic role of IL-8/CXCL8. NMP 41/7 is cleaved and solubilized during the process of cell death, especially apoptosis (38) , and its concentration in cell culture supernatants shows a high degree of correlation with cell DNA fragmentation and Fas-ligand production (39) . CK18 has been similarly established to reflect cell death in epithelial cells (14, 247 AUTOCRINE FUNCTION OF IL-8 15, 40) . DNA fragment labeling has been used extensively in Caco-2 cells to study apoptosis (41, 42) , wherein its higher sensitivity and specificity, shorter preparation time, and the ability to visually discern cells undergoing apoptosis add to its value (16) . Measurement of multiple parameters indicative of cell death is highly desirable in these studies as TNF-␣ induced cell death in IEC is somewhat atypical in morphology, with features that could be considered as intermediate between necrosis and apoptosis (34) .
The significance of IL-8/CXCL8 expression and its induction during specific situations in the fetal intestine needs further study. TNF-␣, widely expressed in embryonic tissues, might play a role in cell death that accompanies normal morphogenesis and organogenesis (43) . IL-8/CXCL8 could counterbalance this pro-apoptotic activity, which could explain developmental regulation of its expression. It is believed that decreased apoptosis, and not cell proliferation, is the primary contributor to the exponential increase in cell numbers needed for expansion of the intestinal mucosal surface area. During fetal development, IEC apoptosis is at a minimum between 9 and 17 wk of gestation, the period of crypt-villus organization, whereas mitotic figures tend to become limited to the intervillus epithelium or crypt areas beyond 10 -12 wk (21, 44) . Our findings that IEC IL-8/CXCL8 expression is most extensive during a similar period are, therefore, of direct interest, and merit further study by a genetic interventional approach in an animal model.
Although IL-8/CXCL8 expression is regulated with IEC differentiation, and decreases progressively from the crypts toward the villus tip, the expression of TNF-␣ in IEC does not change with differentiation (28) . The gradation in IL-8/ CXCL8, an anti-apoptotic factor, against a constant background of TNF-␣, a pro-apoptotic stimulus, could theoretically explain the crypt-villus balance where the crypt cells are tilted toward proliferation and survival, whereas the villus tip cells are prone to apoptosis. In the fetus and the newborn infant, the need to increase cell mass as part of growth would favor measures to prevent the natural cellular loss at the villus tip. Such a need could explain the rationale for an exogenous source of IL-8/CXCL8 (e.g. from ingested amniotic fluid or milk) in the developing intestine, even though fetal cells are capable of significant autogenous production of IL-8/CXCL8.
The anti-apoptotic role of IL-8/CXCL8 has been investigated in several other cell types. Osawa et al. (45) recently showed a 14-fold increase in IL-8/CXCL8 gene expression after TNF-␣ stimulation in hepatocytes, and that addition of recombinant IL-8/CXCL8 abolished TNF-␣-induced apoptosis in these cells. There is also supportive evidence that this anti-apoptotic effect may be mediated primarily through interaction with the CXCR2 receptors. Glynn et al. (46) have shown that selective CXCR2 antagonist SB272844 blocks IL-8/ CXCL8-mediated inhibition of spontaneous neutrophil apoptosis. In astrocytes, IL-8/CXCL8 secretion and CXCR2 expression are both induced after Fas stimulation, and the survival of cultured astrocytes after Fas triggering is governed by IL-8/ CXCL8-CXCR2 binding (47) .
It is possible that the cytoprotectant effects of IL-8/CXCL8 might be more extensive, and extend beyond TNF-␣-induced injury. In our experiments, IEC IL-8/CXCL8 expression increased after exposure to LPS. Nanthakumar et al. (8) have reported similar results with endotoxin and IL-1␤. IL-8/ CXCL8 secretion could reflect a more generalized cellular self-defense mechanism during cytotoxic stress. IEC IL-8/ CXCL8 secretion is influenced by various nutritional and local enteral factors (11) , which are difficult to replicate in vitro. On the other hand, in animal models, it is difficult to separate the direct effects of IL-8/CXCL8 on epithelial cells versus those on neutrophil recruitment. Further studies need to examine a combination of models to fully investigate the cytoprotectant role of IL-8/CXCL8 in IEC.
Our experiments on the role of the individual receptors show that the anti-apoptotic role of IL-8/CXCL8 is mediated through CXCR2. Among the CXC chemokines containing the Nterminal glutamate-leucine-arginine motif, all seven function as CXCR2 ligands, as against only IL-8/CXCL8 and granulocyte chemotactic peptide-2/CXCL6 that act on both CXCR1 and CXCR2 (48, 49) . We have shown recently that all the seven CXCR2 ligands are present in human colostrum and milk (50) . An anti-apoptotic effect of growth-related oncoprotein-␣/CXCL1 has been observed in neutrophils (46) . If the other chemokines in this subfamily indeed have a similar effect, this natural redundancy of CXCR2 ligands might be of teleologic advantage in intestinal development.
